Abstract: Effects of nine social life indicators on age-adjusted and age-specific annual suicide mortality of male and female Japanese population in the years 1953-96 were investigated by multiple regression analysis on time series data. Unemployment rate was significantly related to the age-adjusted mortality in both males and females. Also, female labour force participation was positively related to the male mortality; persons and 65 and above was inversely related to the male mortality. Results on the age-specific mortality indicated that: during the 44 yr, (1) unemployment significantly related with the mortality of young, middle-aged and elderly males and young females; (2) female labour force participation significantly related with the mortality of young and elderly males and young females; aged population significantly related with the mortality of middle-aged and elderly males; (4) young population significantly related with the mortality of young and middle-aged males and females; (5) divorce significantly related with the mortality of middle-aged and elderly males and young males and females; (6) persons employed in primary industries significantly related with the mortality in middle-aged males and young males and females; and (7) population density significantly related with the mortality of middle-aged males and young females.
Introduction
After the World War II, male and female suicide mortality in Japan reached a peak in the late 1950s and then declined over a decade of high economic growth 1) . Thereafter, male mortality rose again following the economic crisis due to the shortage of oil from the Middle East countries (i.e., oil crisis) in late 1973, and then decreased during the economically prosperous time from 1986 to 1990. On the other hand, female mortality decreased continuously even after the oil crisis. In 1980, male suicide mortality in Japan ranked the 8th between the United States of America (USA) and France in 12 industrialized countries, and the female mortality ranked the 5th between Germany and the USA (Japan Ministry of Health and Welfare, 1984) . In 1994, male suicide mortality in Japan ranked up to 6th among 12 industrialized countries and located between France and the United States, and the female one ranked up to 5th and located between Austria and Germany 2) .
In Japan, social life indicators such as residential area, unemployment rate, male and female labour force participation rate (a proportion of a total number of unemployed and employed to a population 15 yr and above), divorce and work in farming, fishing, hunting and forestry were reported to affect specific fractions in the above unique secular trends of male and/or female suicide mortality. Our previous study on the relationships between various social life indicators and age-adjusted suicide mortality in 46 prefectures demonstrated that (1) economic development and urbanization were major determinants which inversely affected male suicide mortality during the past 20 yr (1970-1990) in Japan; (2) migration/mobility became another important factor for male suicide mortality during these 10 yr; and (3) females were less vulnerable to the social life factors examined than males in terms of suicide mortality for these 20 yr 3) . Namely, for the years 1960-75, urban residence inversely related to male suicide mortality at the prefectural level 4) . Similarly, in 1970 and 1975, we reported rural residence was a major factor affecting male mortality and the effect of rural residence was less significant on female mortality than on male mortality 5) ; a proportion of old and young population, low income and rural residence positively related to suicide mortality in young, middle-aged and elderly men, respectively 6) . In , 1985 , Japan experienced economic crisis (the so-called secondary oil crisis) in 1980-1983 and economic prosperity (bubble economy) in [1986] [1987] [1988] [1989] [1990] . During this period, male suicide mortality was significantly related inversely to the urbanization and high income factor, the result of which was consistent with the data in our previous study for the years 1970 and 1975 . Similarly, the male mortality was positively related to the factor of migration of workers. No factor significantly related to female mortality for all the three years was found 3) . However, those previous studies were carried out without autoregressive effects of suicide mortality, i.e., the effect of suicide mortality magnitude in some year might affect on next year's mortality. On those accounts, the present study performed multiple regression analysis on time series data to clarify the relationships between various social life indicators and age-adjusted suicide mortality without such an autoregressive effect.
There is no investigation to find the key factors affecting on secular changes in suicide mortality in Japan after World War II to the present. In the present studies, to examine further the unique position of Japan concerning suicide mortality and the effects of social life factors. For this purpose, the relative strength of unemployment, female labour force participation rate, age composition, divorce rate, live birth rate, population density, and industrial structure on secular suicide mortality in Japan for the years 1953-1996 were analyzed by means of multiple regression analysis on time-series data to eliminate the possible compounding effects of autoregression in the mortality.
Subjects and Methods
This study is based on the following data in Japan for each year from 1953 to 1996: (1) male and female suicide mortality adjusted to Japanese population by sex and age in 1985 as a standard population (Age-adjusted suicide mortality) 7) , (2) age-specific male and female suicide mortality for ages 15-24, 25-34, 35-44, 45-54, 55-64 and 65 yr and above calculated by us from suicide deaths and population by 5 yr of age [8] [9] [10] [11] [12] [13] [14] [15] , and (3) nine social life indicators in all Japan (Table 1) [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] , in which two indicators, i.e., persons aged 65 yr and above (%) and persons aged 14 and below (%), were newly calculated from suicide deaths and population by age [8] [9] [10] [11] [12] [13] [14] [15] . The nine social life indicators were selected as they were available every year for a long period after the Second World War, and they were assumed to affect suicide mortality directly or to be possible confounding factors by careful examination of previous literatures 1, [4] [5] [6] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] [47] [48] [49] .
Multiple regression analysis on time series data was conducted to investigate the effects of the 9 social life indicators on suicide mortality for 44 yr (1953-1996) in all Japan by means of the exact maximum-likelihood method 50 ) based on autoregressive model 51) (SPSS version 6.1.3 52) ), which was employed to remove the autocorrelation from time series data. Durbin-Watson rate was calculated to estimate the extent of autocorrelation by the conventional multiple regression method with all independent valuables fixed 53) . The Durbin-Watson test statistic tested the null hypothesis that the residuals from an ordinary least-squares regression were not autocorrelated against the alternative that the residuals follow an AR1 process 53) . The Durbin-Watson statistic ranges in value from 0 to 4; the values near 2, toward 0 and near 4 indicate non-autocorrelation, positive autocorrelation and negative autocorrelation, respectively 53) .
As we watched a long-term chronological order change, there was the indicator like female labour force participation rate that we had better analyze it by distributing the time. On the other hand, time series analysis needs to have a large sample size. Therefore, we did not analyze by distributing the time.
Results
Newly calculated age specific suicide mortality and some social life indicators together with other original data during the years 1956-96 are shown in Figs. 1 and 2. As obviously seen in Fig. 1 , where age-specific suicide mortality by sex in Japan contained some time trend and didn't change at random. Results of the multiple regression analysis on time-series data are shown in Table 2 .
Three social life indicators were significantly related to age-adjusted and some age-specific suicide mortality in males or females as follows:
(1) Unemployment rate was significantly related positively to age-adjusted mortality in both males and females. This indicator was also significantly related positively to age-specific mortality for 15-34 yr in both males and females, and for other all ages except 45-54 yr in males.
(2) Female labour force participation rate was significantly related positively to age-adjusted mortality and age-specific mortality for all ages except 35-54 yr in males. The indicator was also positively related to agespecific mortality for ages 25-34 yr in females. (3) Persons aged 65 and above was significantly related inversely to age-adjusted mortality and age-specific mortality for ages 35 yr and above except 55-64 yr in males. On the other hand, persons aged 14 and below was positively related to age-specific mortality for 15-44 yr in males and in females.
Also, three indicators were significantly related to agespecific suicide mortality as follows:
(1) Divorce rate was significantly related inversely to age-specific mortality for 25-34 yr in males and for 15-34 yr in females. Conversely, it was positively related to the mortality for 35-64 yr in males.
(2) Proportion of persons employed in primary industries was significantly related inversely to the mortality for 25-34 yr in males and for 15-34 yr in females. Conversely, it was positively related to the mortality for 45-54 yr in males.
(3) Population density was inversely related to the mortality for 25-34 yr in females, whereas it was related positively to the mortality for 35-54 yr in males. Figure 3 illustrates the relationships between male ageadjusted suicide mortality and three social life indicators in the years 1953-96.
Discussion
Unemployment rate affected age-adjusted suicide mortality in both males and females during the years in 1953-96 in Japan. The effects were also significant in almost all age groups in males and in young populations (15-35 yr) in females. The strong positive effects of unemployment agree with results in the previous studies in the United States, Canada (Quebec) and Germany 33, 34, 38, 39) . In the United States, unemployment rate positively related to male suicide rates for the period of 1946-1984 33) and of 1952-1984 34) . Loss of employment is reported to have adverse influences on health, elevating physical or mental illness such as depression, substance abuse and economic insecurity in these persons [54] [55] [56] . On a while, psychiatric disorders (e.g. depressive disorders and schizophrenia) induced suicidal behaviours 57) . Thus, it is likely that such disorders due to unemployment were determinant of secular trends of male suicide mortality in Japan. The significant positive correlation between unemployment and age-specific mortality for ages 15-34 in both sexes might occur by serious impact of unemployment on those age groups, who were difficult to successfully find good and suitable jobs after schooling, due to inexperienced and unskilled sta-UNEMPLOYMENT, FEMALE LABOUR FORCE, AGED POPULATION AND SUICIDE tus. On those accounts, during long period after World War II unemployment rate is considered to be a key factor for suicide mortality in Japan.
Female labour force participation significantly affected age-adjusted suicide mortality in males. The effects were significant in young (15-34 yr) and elderly (55 and above yr) populations in males and in young (25-34 yr) population in females. Such an effect of female labour on male suicides also found in 18 industrialized countries in 1970 35) and Canada in 1971 40) . Suicide rate was found to positively relate to females labour force participation rates in 18 industrialized nations in 1970 35) , including the United States in the 1950's, the 1960's 36) , and 1980 37) , Quebec from 1966 to 1981 and Germany from 1981 to 1989 38, 39) , while in Canada, this rate in married females increased suicide risk for both men and women in 1971, but it decreased in 1981 in both sexes 40) . Considering that a working wife is a sign of a man's failure to earn enough to support his family adequately 37) , high female labour force was partly induced by male's unemployment in young male population, which could generate young male suicides.
As female labour force could decrease labour chances of elder male, so it is considered to induce elder male suicides. On the other hand, Stack described that the more females participated in labour force, the lower the degree of integration in society became, and then the higher the suicide rate was 58) . A participation of females in labour force has been also pointed to be a source of conflict 59) , for examples, conflicts with their households and working responsibilities 58) . Thus, the conflict is considered to result in young female suicides in Japan.
Historically, farm mechanization particularly in the rice cultivation system in Japan from the late 1950's and the 1960's yielded rapid decline of labour force demand in agriculture 60) . Also, in same high growth era before the first half of the 1970's, labour force participation rate decreased due to the decrease in importance of domestic agricultural production, and this impact was very strong for women so that female labour force rate has decreased in rural area 61) . Hereby, we cannot confirm that rural residence with high female labour force participation rate would be a true factor for high male suicide mortality in Japan. Rather, such an excess supply of labour force in mechanized primary industries induced a high unemployment rate in the area 62) . It is easy to understand that an increase in labour force supply was an important factor to increase unemployment 63) . It was, however, found that by 1970 the importance of agriculture had declined, urbanization had progressed and the conditions were in place for farming communities to adapt to other industries 60) , and that excess supply of labour force in rural area disappeared which thereby decreased the unemployment rate 62) .
Persons aged 65 and above was significantly affected inversely age-adjusted suicide mortality in males. The effects were also significant in middle-aged (35-54 yr) and elderly (65 yr and above) populations in males. Conversely, persons aged 14 and below was positively affected in young and middle-aged (15-44 yr) populations in both sexes. All these data indicate that young population increases suicide mortality of young and middleaged males and females and aged population decreases the mortality of middle-aged and elderly males. As young and middle-aged males and females had more stressful life by feeding their children, so an increase in young population might elevate the suicide mortality in both sexes. On a while, aged person can play an important role as an adviser on younger male's occupational and life stresses, so that it is concluded that aged population could prevent the suicide mortality in younger generations. As for other countries, in the USA, the younger the population in a state was, the higher the suicide rates for many age groups were 44) , though, in Canada from 1980 to 1986, suicide rate negatively correlated with a percentage of population between 5 and 19 yr to the total population 45) . Divorce rate inversely affected suicide mortality in young males and females; conversely it positively affected the mortality in middle-aged and elderly males. Divorce rate positively related to suicide mortality in the USA 41, 42) , Canada in 1965 Canada in -1985 and Taiwan in 1952-1984 34) , while it negatively related to suicide rates at least for women in Australia in 1901-1985 43) . A negative correlation between divorce-marriage ratio and female mortality was also reported in Australia 43) . The possible reason of such negative correlations seems to be that younger divorced males and females have more chances of re-marriage than older ones. On a contrary, the positive correlations between divorce rate and suicide rate were also found in the U.S.A., Taiwan and Canada 34, 42) . It was reported that increase in divorce rate may lead to the weakened social ties, which thereby elevated suicide 64) . Gove pointed out that marriage is more advantageous to men than to women 65) . Lower labour force in matured Japanese females generates less occupational stress than middle-aged and elderly males. Those accounts might be the possible reasons for the positive impacts of divorce on suicide is greater in middle-and elderly-aged males than in females in Japan. Proportion of persons employed in primary industries inversely affected suicide mortality of young males (25-34 yr) and females (15-34 yr) . Conversely, it affected positively the mortality of middle-aged (45-54 yr) males. The reason that the effect on suicide mortality was not consistent among age classes remains unclear. Further studies are necessary to clarify the effect of industrial structure on suicide mortality.
Population density inversely affected suicide mortality of young (25-34 yr) females, whereas it positively affected the mortality of middle-aged (35-54 yr) males. During the past 20 yr (1970-1990) in Japan, urbanization was major determinants which inversely affected male suicide mortality. There are no coincident results as for population density. Further studies of this indicator's effect on suicide mortality are needed.
The present study carried out multiple regression analysis with 9 major social life indicators and suggested that the unemployment rate was the major social life indicator affecting suicide mortality in Japan in both sexes. This analysis was beneficial to avoid the autocorrelation of errors in time-series suicide mortality. Before the analysis with 9 indicators, we carried out similar analysis using over 15 social life indicators including GNP and so on, but no clear results were obtained. However, as adjusted R-square (coefficient of determination) in the present multiple regression analysis of age-adjusted suicide mortality was 0.88 and 0.91 in males and females, respectively, these 9 indicators were considered to explain the mortality well. 
